The proton nmr spectra for six compounds: 6-ethyldibenzo [b,i]-1,4,8,11-tetraazacyclotetradeca-4,6-diene (1), dibenzo [b,i]-1,4,8,11-tetraazacyclotetradecane,1,3-bis(2-aminophenylamino)propane, 1,4,8,1 ,1-tetraazacyclotetradecane (cyclam), N ethylaniline and diethylamine, were measured in twelve solvents. Every proton signal is shifted to higher fields in toluene-d8 and benzene-d6 than in cyclohexane-d12 solution. On the other hand, the proton signals for the secondary amines are shifted to low fields in polar solvents. Proton signals for methylene and/or methyl groups are not shifted. The amine signal for 1(arom.) shows a small shift in every solvent. There is no appreciable interaction between the amine proton and solvent because the amine proton is in the inner space of 1. The amine signals, except for 1(arom.), have an increasing down-field shift in the following order: Solvent effects in nmr spectroscopy have been widely investigated by changes in chemical shifts (b) and spinspin coupling constants (J) in the proton, 13C, 15N, 19F and/or 199Hg nmr spectra.l-9 In coordination chemistry, complexation of a macrocyclic ligand and metal ion has been studied in a few solvents; the complexes tend to have specific configurations depending on the solvent. Studies comparing complex structure in a large number of solvents have not been described. We have reported on the counter anion effect in (16-ethyl-5,6,7,8- In the present work, we have measured the 1 H nmr spectra of six macrocyclic and nonmacrocyclic compounds having secondary amines in a variety of solvents. The relationship between the spectral properties of the compounds and the solvents have also been investigated.
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Experimental

Apparatus
Proton nmr measurements were recorded using a JEOL JNM-FX60 spectrometer. The nmr spectra were run in concentrations from 0.5 to 2.0 w/v% in toluene-d8, benzene-d6, cyclohexane-d12, dichloromethane-d2, chloroform-d, nitromethane-d3, acetonitrile-d3, acetone-d6, tetrahydrofuran-d8, N,N-dimethylformamide-d7, dimethyl sulfoxide-d6 and pyridine-d5. Chemical shifts are given in ppm relative to tetramethylsilane as an internal reference standard.
Reagents
Unless otherwise noted, all materials were of reagent grade and were used without further purification.
The The 1H nmr data for the secondary amines of six compounds in twelve solvents are listed in Table 1 . The amine proton of 1(arom.) couples with both methine protons, so the signal is split into a triplet. On the other hand, the methine proton signal is split into a doublet. Upon replacement of the amine proton with deuterium, the signals of both methine protons became a singlet. It seems that the amine proton is linked to two nitrogen atoms by an intramolecular hydrogen bond and it resides in the inner space of a macrocyclic molecule,1s-19 Therefore, as shown in Table 1 , there is no appreciable interaction between the aromatic amine proton and Table  1 Observed 6N -x values of macrocyclic and nonmacrocyclic compoundsa a. Chemical shifts in ppm from TMS. Multiplicity of a proton signal is given in parentheses after 8-value: s=singlet, t=triplet. The proton signals for the aliphatic secondary amines 1(aliph.) are shifted to low fields in polar solvents. These signals have an increasing down field shift in the following order: toluene-d8, benzene-d6, cyclohexaned12, dichloromethane-d2, chloroform-d, nitromethaned3, acetonitrile-d3, acetone-d6, tetrahydrofuran-d8, N,Ndimethylformamide-d,, dimethyl sulfoxide-d6, pyridined5. Figures 1 and 2 show the correlation between the two shifts; SN-H value of 1 vs. bN-H value of N ethylaniline and 2. An inspection of Figs. 1 and 2 shows that there exists a systematic correlation between SN-H values of 1(aliph.) and SN-H values of other nonmacrocyclec and macrocyclic secondary amine compounds. The amine protons of these compounds are also subject to similar solvent effects. ON-H values of 1(aliph.) and 2, macrocycles containing benzene rings, are observed in lower fields (ca. l ppm) than those of nonmacrocycles 3 and N ethylaniline in cyclohexane-d12. This shift is greater than the usual substituent effect. It may be that the amine protons of 1(aliph.) and 2 are deshielded by the benzene rings in the macrocycles in cyclohexane-d12. The amine proton signals for diethylamine, cyclam, Nethylaniline, and 3 are observed at a singlet or a broad singlet peak. The methylene protons adjacent to the amine group couple with the methyl or methylene protons and the signals are split into a quartet and/or triplet. There is no spliting by the amine protons.12,2° On the other hand, the amine protons for 1(aliph.) and 2, macrocycles having benzene rings, couple with neighboring methylene protons in polar solvents. The signals are split into a triplet and the methylene proton signals are observed as a double-triplet (Table 1) . It is quite interesting to note that the amine proton signals for 1(aliph.) and 2 are observed in a lower field than 3 and Nethylaniline and they couple with neighboring methylene protons.
The ratios of the chemical shift of other compounds to that of 1(aliph.) (Re) are estimated on the basis of the slope of the SN-H value of the other compounds vs. the SN-H value of 1(aliph.). These data are summarized in Table 2 . Figure 3 illustrates the plot for the SN-H value of 1(aliph.) vs. the chemical shift of the chloroform proton a&(CHCl3) presented by Martin and Martin for the solvent effect.21'22 R~ of a&(CHCl3) is listed in Table 2 , together with that of the acetylenic hydrogen of 3-chloropropyne and phenylacetylene23,2a and the amine proton of morpholine.25 R~ values without that of Nethylaniline are similar in magnitude to each other. This seems to indicate that the active proton signal, such as amine, ethynyl group and chloroform, is shifted to low field in polar solvents and the increasing down-field shifts resemble one another in various solvents.
A plot of SN-H values of 1(aliph.) vs. solvatochromic parameter /325-29 is shown in Fig. 4 . The SN-H value has a good linear relationship with the f3 value, except for points 1, 2 and 12 (n=9, correlation coefficient y=0.992). It is expected that the S values of 1(aliph.) would show a major dependence on the /3 values of HBA (hydrogen bond acceptor) bases, with only a minor, if any, dependence on 7r* (dipolarity/ polarizability).25-29 The deviations from the correlation observed in benzene-d6 and toluene-d8 can be attributed to the aromatic solventinduced shifts (ASIS) shown also in 'H nmr spectra. 30 On the other hand, the deviation for pyridine-d5 is observed in the opposite direction to ASIS. The methylene and methyl proton signals of six compounds in pyridine-d5 are not observed to shift to upper fields than those in other solvents. Therefore, it is considered that the ASIS effect of 1(aliph.) in pyridine-d5 is very small.
The bN-H values of 1(aliph.) in every solvent are not explicable with the Rummens solvent function g2 {g2=((n2-1)/(2n2+1))2} proposed for models of nonspecific (van der Waals) solvent effects (Fig. 5).3',32 The relationship between SN-H values of 1(aliph.) and dielectric constants and/or empirical parameters of solvent Table 1 . Fig. 2 Correlation between SN_H of 1(aliph.) See Table 1 for numbering of the solvents.
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